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4»£f0f 

±7$. 3^*11. LED. Xl| M . POISE, eg S\0\0\ 

SAffAi 

£ ±KM 9*10101, g& ^xpf Ml ggjon>j SE 

B ^^21 £ft 3^ *e^ a2 | 20|| fteH»WU Sk£ 0| 2-1 3|'0|S &fto\H SEB £P| & 

S m&2\ gl^s £ g Awieg gajoiiM ggail Li go as g- 

m ers aoiq. 

/raw* ■ < 



^3 0||i MOi &\ LED, ff?| LEO. 2||0|Xi qo|2E. S2?-E£ 

s^ ei°t gs»e^ =DimtiA ^goia. 



'DimflA aim 

LEDb ^S0| ax S^M xfX|S}Xj tffiDT. #^0|| SB gs ab| Eg . «h J»WQ 



IT ^ 



oi flomu. 




5*1 ^^Oil ^0. ttSMOMfc. £211 £J£ji* 4 81b ^1 SB SMUrOIl 2|Sfj 2g 4 fit 

S^^jSS 01 ^a^2| q^o| gyo{| o|7|^ 3 oi^ a xjo^ 8W2 j LED Q0| tfO|| 

«H*IBCr. g^ife oi qoisi g^g S^s^. SB n 4*011 S£¥omitf±a^ i§iijo S 

oi^e mum miw mesgoi aoiq. ^i leosi ^goi ei 21011 eastoi. ^21 bs 

1 aewa wapf ftejsfq. 

?r32| SOI troy 2tf!|A|b fifi&.st ^fllg g£ 01 JrSSKfll 2» 49 ?l2!(«achstunzeiten)£ 3**r f^l 

2i g=r £§3j q^oii. ^121 mm ©as Argaife 301 aae as s^s^cf. £pi Bfife oh^a 

^oii a 01* 3. SB led qoi goo feofgch 



£PIB fi 1 ?^ Ei^A|?lb XHS2I 0|^^E|. BA|3D||Ai£r U^SSI 3^011 YAG^^ 

E|2| flB B££Af AlSgCh aaiU. 01 JflS0|[£ 4^1 560 rra DlghSI S| 

qxiei 3^^oj| ^ UEWixi ^| 3301 2iP. o|2j o|^£^e| qoias 

(4S0 LHX1 490 rm)S\ 3&W@ YAG £f S g 0|§8^ gij^oj ^iijn^ 4, oiq ^ 



«l M0^0||A|2| AfgOll CfloHAib Si ^IXJi^Oil ssoii cub Ci 



fi^ 0| ^OiXJ. 



01 SA|§0j|AJ Af^£|3 2ib s»l*i| LEDS B.^£IX| BffeQ. 

SB WO 00/33389£^q LED1 Ol§tfO| eij^Oll $1% 2?\ fltH. ^^1 BazSiO* : Eu + 9f 

XflSAI AJg^fe 3!0| 5XI0IQ. &b£\0 a : Eu 2+ 2| 505 fin. ^ U|23 DJSOll A3. ^ S3| 

01 sie e«*wi *hQ- 



0||^.OI|0|x|.«!.^o|(S.H.U.Poort) 2|0|| S|ff 'Eu 2+ M»a « (Optical properties of Eu 2 

+ -aktlvated.) 297n||0|X|0l!A|fe Eu 2+ S W2®& Ba£\0 4 gl qqa ^o| KBaP0 4 Si KSrP0 4 2| 510| 

S?£jOi 2iP. SB £?\ SBOIIAib Ba2Si0 4 2| W^0| 505 rraOU 22 ^ 2!0| ^£|£|0f giQ- 2?U 
2J Sflasi 01011 CHoH £S2J S6 ^£(420 nra LflXI 430 na)0|| 

e ^Pie M&mm sib ^aii sssi xrsi<y a^i ctsrwi 

B B^0j| 2|6U S^DIUI^^ fi2f£ P€ M2| ^ §3 ^° XHSOI £JeJ! S£S 33Brfe 51 

oi3. oi 3^ as sst asou ^gsi cie-b» ejh usi ^21 ?ixi? r 2boo k» 7000 k aioi 

21 OB^ eArB 4|£S2| LHOII 310| sg| o^j^q 

^pi 3i>3ib wie s«oo 21011 sia@4. s wsoii m^s. mmm bs«£ oi^oiiife &s ^ 

S^il^ ?UIB tt3 3X1011 £iO|Ai. ^yg(europluni)o S S^SrS ©1*21 £^ ^ 

Oj^oiaq. 



W7h *l : 

(2 - x - y)SrO • x(Ba, Ca)0 • (1-a-b-c - d)SiQ2- aPA bAIA cBA dGe02 : y Eu 
( A -!gJ<KI.6, 
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0^005 < y < 0.5. " 
0 < a. b. c. d < 0.5°') 

(2 - x - y)8a0-x(Sr. Ca)0 • (1-a-b-c- d)Si0g - aPA bAlA cB 2 0^ dGe0 2 : y Eir 

(*i 0.01 < x < 1.6. 

0.005 < y < 0.5. 

0 < a. b. c. d < 0.52) 

£ U^UIb S^Bi Eff ^ SSfftfaO|a£ gCf. 0| 3^. 5S|epy a. b. c S! dS|-2t g 

sm^ o.oi^q 3^. 

SW£lte ntsroi noixib 5lo| gas ^3£}£iq. aisDifcoii sib x|3 SU 

£ PA. AlzOa SI/SEb BA£ £3 St?l 312. 3 13* ^| ^ ±31Mgb ^ 

ft2|*PII S*|b 2?|2| ft£|§ Sl/Sfe S«££ g^StS S e g ^ g-ojA^oi j 

Os^SJ p| ni/cE- Y (V. P. Si)0 4 : Eu SEb Qg*| : 

Me(3 ~ x - y)MoSiA : xEu. yMn 
W 

0.005 < x < 0.5. 
0.005 < y < 0.5. 

Meb Ba S!/£Eb Sr S!/SEb Cal LJEfS) 

b 3K1 
qsfl #ejo|Qb 310| 

*H S^0| 300 LflXl 500 nn°l 2^b #£Jo|Q. 0| g^OHM g ^90l| 2|£f g^Sjib 2 

SEff. «I2 330] 430 rro LflXl 650 nnoj 3¥b tf2|SlCK 0| S^OJlb OlgBI BI^S) £4^ 

sib £ g*g°i ^12 mm mwm leo i«h2| bsseoiq. 

£2b £10i| £A|£» LE02j # £A|B 93£0|Q. 

£3b S ^S°l ®% X1I3 ^AI ^EJlOl! 0g ggf 9x|o| S-AIWSI. (a)b 

(b)b (a) 2| A-A<M BS^O|C|. 

£4b S gr@S| XJI4 ^|A| SEHOil »JI SMO(Surface Mounted 0evice)«2j LEO E»0fE 

oia. 

£5b £ ^gsj 3X |o( ^js Aj A| gqjoji ^ led aH oj c^soiq. 

^ XIII ^Aj£j ERSloO u^eS. U£T §fx|b 2?H2j S^IM i h 2 2i2, 0| 3^ i«0|£'S ^ 

b ^^ei s^ioiq. om ^oi sfoi b ^3S?^ ^si s^o^j 4 sm. 

S ttaoD 2|B B9 ^|3||^a ^Ajoll CHsfl «S 7^01 EWIBCI.- ^^A| Efl^Oll ttteg. 1?H 

0|^S| LEO ^0| «M« LH2| 3|» ^0|| UH*l£|Oi 212. Sfi- ^Afg HH*|£|Oi 2ib @!5 

0|^2| LEO H0| SA|S U|2| HU*|£|(H £12. SEff ^S^I^J ^1 EMf80l| HS5E| 

Oj 21b 5!5E ?|Wq. 

^BISCT ^1 LED Qb g eg/£| i>b ^Sg> £J£§ SmgES SS£|Oi 21Q. g 
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*W £)§!1 3B^^Q (LEO qo|£| £01 ^h^S -tfS). a^-ir 2 

»mS2 - 'Sri^iSS^S^f 2,01 B2S * « a? *3 SaS Bsa 2 
fe *aa ass hash* asxiig a«ab hii a a* i ^Imf «») l i^l.r a 5u 

tt 89101 2|81|. aJOHfll^si t^«%» ^0|"s| ap " o) * *' otq - eAf 



89*113 aflfi fist B08p| ft*. 83XR7I #a*CT ??|fl| 0||e§H±^Ot| g§*S|0| a a SE | 
25H2) gg?«||7f A(§£|fe g^Ollfe 23H2) ggfjfljf 2|2|s| DHesjA ^ny swarM 01-3 m a ° m = 

S^-^AVJWr* **** ' «*= «« rfwA-Sj J| 

PsOfl. S SS2| «|1 £J/| Eiigfou^o) gifx) | XJJ22J g fl g> gsg aeep. 

a fie aas. Aero* 0.2 a dibs mis awassT ae »sa»es eSft^ 5« la 

fjq. gfioii afa>n 3£2| ?«ao»fe. amis, a °I 51a =?£ aa «a«s 

| agsa *»a 4=h 2ioi. oi3is goii 2,8,, sm\t&?? ala aaasi S2Si?1oI 
oisjii s fftias 510 no um m mm s& no ra^xisi afep. 

2°£¥E)2) SSf«| g «m £Efe 3?|a 2£g ? g 2iJg? g gs| o, a( ho,, o|8H ^ s 2^0, 
S!/£Efe aZISS §^SfS mBi £^ 3^ g>¥EJ^a a V(V. P. Si)0, : Eu 2+ 2J 2°S^EJ£| 
5 01- t^l &&Sfc ggfxll. Y 2 02S : Eu 3+ . 93»l 2°S^2| gg3y|2»2| 5©o|| 2)o)| gSJg 
2§. E * ""^ 81 ° S 4" £!0i. 0I31S Cfgs, vxoMM 2ite°Bt2» 



T = 


2778K(464 


nm 


+ Sr,.4Ba 0 .6Si0 4 : Eu ?+ ) : x = 0.4619. 


y 


= 0.4247. Ra = 72. 


T ~ 


2950K(464 


nm 


+ Sr,.4Ba 0 .g5i0 4 : Eu 2+ ) ; x = 0.4380, 


y 


= 0.4004. Ra = 73. 


T = 


3497K(4B4 


nm 


+ Sr l . c Ba D .^5iQ 4 : Eu 2+ ) ; x = 0.4086. 


y 


= 0.3996. Ra - 74. 


T = 


4183KC464 


nm 


+ Sr:. g Bao.cCao.a 2 SiO < : Eu Z+ ) ; 






x — 


0.3762. y 




0.3873. Ro = 75. 






T = 


6624K(464 


nm 


+ Sr l .9Ba 0 .ffiCao.o8Si0 4 : Eu 2+ ) : 






K = 


0.3101. y 




0.3308. Ra = 76. 






T = 
82. 


6385K(464 


no 


+ Sr,.6Bao.4Si0 4 : Eu 2+ + St o ^^\0 a 


9 * 


Eu 2+ ) : x = 0.3135. y = 0.3397. fla = 


T = 


4216K(464 


nm 


+ Sr,.gBao. ffi Cao.a2Si0 4 : Eu 2+ ) ; 




« 


x = 


0.3710. y 




0.3696. Ra = 82. 







3954K(464 nra + Sr, jBafctfiO, : Eu 2+ + Sro.4Ba 1 . 6 SI0 4 : Eu 2+ + YV0 4 : Eu 9+ ) : x = 0 3756 y = 
0.3816. Ra = 84. 

T = 6489K(464 nm + Sr t . B Ba 0 ,<Si0 4 : Eu 2+ + Sr 0 . 4 Ba,.BSi0 4 : Eu 2+ + B^BtfUfSDfaMI^-: Eu 2+ ) : 

x = 0.3115. 

y = 0.3390. Ra = 66. 

T = 5097K(464 nn + Sn.BBao.^Slo.oeBo.ozJOfl : Eu 2+ + Sr 0 .eBa 1 ,4SiO 4 : Eu 2+ ) ; x = 0.3423. y = 
0.3485. Ra = 82. 

T = 5084K(464 nm + Sr,^a D . 4 (Sl 0 .cBBo.iB)04 : E" 2+ + 
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v 

Sr o . 6 Ba M Si0 4 : Eu 2+ + tt^Eitf ^MfeSnHlUia • Eu 2+ ) : x = 0.3430. y = 0:3531. Ra = 83. 

T = 3369K(464 nm + Sr,. 4 Bao.eSioj5Geo.o50 4 : Eu Z+ ) : 
a = 0.4134. y = 0.3959. Ra = 74. 

T = 2787K(466 nm + Sr,. 4 Ba 0 .dSiaJ ) o.aA.oi : Eu 2+ ): 
x = 0.4630. y = 0.4280. Ra = 72, 

T = 2913K(464 nm + Sr } . A B^\ Q . SB M 0 . a O^ : Eu* + ) ; 
x = 0.4425, y = 0.4050, Ra = 73. 

£ USE] SH_|S| aja| qi^S) S^oilb. qg2» ^0| ^Aiaq. 

PH 0|#2| LEO %m ^TOflAI SUL*q. LEO &0l| *IS(e ^0j|>Mb LED Q£| HSf q 

^ m\M£ LED *j LflOM ggtti? «J# &£&p|| £#A|U ^ 2i£^ XH£^ 

^£ yef^si iehs Bii^j^q. oi HSS *fl£b ^ qon aw Emm ^£ 2in. 
*HS^ SE ledi Pig ^oi£|£ so. o|£| ^oi mo! mm #43 mou gm\ 

^U. Eb LEO *j ?|(H| ii|£q. 

£A*S0(| gi>S# flASH?. soiJAJ £P| g]2Sb Sx|£| MSf AISSU. q^ ' ^OPIfc # 

?i ^i^ ^oii g^ai £ojsq. ojfi | ^oi sfoi *pi mara set w^si si^m 

Sq. £8fl ffl^ qs>^ sn)a «g « &q 

(^S)^ S©0| s*H3q. 3 %**\&J% tr*IAi wj^js] ej^g &m 4 s 2iq. o?ie 

^oi gs«» £| ^oioiiai £Em srsoij £|ff e^e £Pl ej^si SI oil sgsg 

S±Sq. SE£> ^AfSOll S|oH 01 Dj £S£ StieJOl £P| gi££ £JAim£^f HH^fEIH. a a 31 Hb ffA) 

Olfilb 2t LED £ ^0i| »A[S0| *|?|X1 2i0jE 82. SE£> £P| H^Sg §S£|2. 

B2S^ 2|3|fi| e>A*g # 0 j Sx| guy ami BHxIsq. 

.. ^X|I «|3Eefe dl LEO CH£J0i| LEO Of 2|] OH ^Bjofq. ^ ^S2| CtE 

^JAI Ell^2| 9^011^. ^21 SBE LEO £jO| 2|g 7|© ^011 ^gElb LEO Oia|OlO||A| qg2f 

5iq. 

LEO oiaioj^ gjgg ^q^s(oiim m 0(1 ^/J ^x|)l oigsfoi qe XHS(0H1 10i PMMA)S Oj^OiXI 
b Mqai E»^0|| a^^q. gs|in ^j^ ai ^HJSE2| xfl^ ^ e^f 

^ #M M ^ StttEloj 2i£^ ^ajgq. ^1 ^gg gn|^ #£|0i 2i*2| SjqjOil 

Al ?S 5b q@!g2i £E« ^Q(| sjji^q. o| s^^si *eh^ ^( ggg ^oi| # 

SO| ^^E|Oi 2iqb SOIIAi gflo^. SEth OfEM 0| gEflOII 2|6H 2|£E0i| atoi ^S^i g# ^ 

gf ^ii^>m ggoi imsjoi 21^ 4^1 sm^HM oigsfoj ^71 gajtn ^J^oil s*^ 
£ 2iq. 

2|Oi£ 2^H2| q^ 3@3jJt AlgSJ^l 2i^. ^SI ^XHg!^# gffe LEOOjj 2tOf^. 0|1 

m\ mU^J OHeai a ^oj| ^8 om2, : 0|^ ggxjli- g5E£ ^A|?|?iU s^Hb X 

0| #2|S^q. 01b sig^ei g*5^0| M^fl^Ol! S|€H g# ^ Sib 21^01! ^€1 *fj££f 

q. P. ^SnffiJ ^s^ioj siq2| hs>mi^oii eisfl ^sqb 310|3. oi 3^ ^ hsaii 

^b qm^i ^oi s^^q : 2?. 7311 i^ioij ^ led u§2| §4. mm ^§^121 »a. m %m\w 

filet 7311 gsxiisj y>gf §4. S! «|2 S^|2| o|eit? g^£| HS^l^oi] S[Oi>j. ^sj @ 

S 4^1 Oil OH SfSEIb 31^ OfLjCf, S^«ib #21 S«2£(SEb: QE S§[ ¥M) ^00 £H 

£101 iUOiSE #q. g^ll LEO qoi ^011 5|Q hhxi^ ^£ 212. ^H*£5£| 52 

. ^oil «Ha1^ 4£ fflq. ^1 gjxm sw^j dh^^^ ^o« zmm ^£ 2iq. 

oioii eisn obe5*± ^011^21 s^o] ^x|£|^i. se^ w^oi Mggq. 

oio}. ss^Dim^x ^b qoiSE(LED) anoil Afg^b die aq .441 

. . 5E1£ g ^g2| 03 S^|21 *H2 MM SEaOll LEO !SH2| a** BB£0|2. OJ^UF E|gj2| LED 
^Hl £Al^q. GaN^ll 0|^OiX|b ^^1 LE0C4)b S^l LED(4)2| LEO ^H2J ^KS 

^A[Al?|fe &AfS°S^2| y&mb 3(10)^ 011g^(3)0l| 0^e(5)§ Tl^Al 

¥^Sq. U4J LED(4)2| §h ^ 2^31 BIS H3|g|(2)g g££ 2*0|Ol(7)Qll 2|€fl S^SU. q 

3^31 £|c nejjojd)^, gog g 2f0|0i(6)0ll S|tH S^P. LED(4)^ JlSoPI 

?)6H 3g ^XH°I Lfl^ 4»X|(8)g adO) Ull m^q. M9m(2) tHl^«j(3)0l 

£|H SaigJCDS e= ¥XH&! £1^ ^XJ(9)^ ^^q. q£|Al. l£0(4)b Ul¥ 4^X1(8) SI 2|¥ 
>X|(9)S 0|^o S njagq. 011^^(3)^ £|H He«S(l)S O^M £JEe|31£ MVZQ. SE 

S a« led(4)oii uk® mm £S£ ^#^q. 

SS«l(11)g Ul¥ ^Xl(8)b a (10) 51 ^ £A1£|£1 4-SS^qS ^1 a (10) LH^Oil #^A| 

^jq. OIOII 21SH. LEO! 53^01 HRXiet S^OU LED A}0|£J £^01 0«8M 'tfOLAEDS . 
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q^aioit ^m\o\ ms&\ ^§ b«'4.hq. 



Ml*? 4X|(8)fe $0tl ^gSHXIb Ajaja 4Xj £b 0||^A| 4X|^ 0|«BP. £EB. U)^ 4X|(8)b 

^ 2^2| ^§o S g/^g ggg £ft Sl/SEfe Bg2| ~ 

^EQ. 0| 89«(11)fe: *!£B U|2| £01 S£^D!Uld^ 213. 
§4j LE0(4)?| »8«fc W8 S4Sf0| S4B U SI HfSej US tfBfiq. 

SB. Ui¥ 4X| (8)£>i A[££|b ^ei^ 4X| SEb 0I|=A| 4X1 Pi^MOJ] ffBJl 0|gcH£ gq 

XI #BJb UJ^0| ^4B § A| Oil LE0(4)01! #6flB 01621 S£JE X|J|tt 4 £jq. SEB 34a 
LED(4)£¥&{S| S4SfX| 8U 3C|S ?3>V 4 2ISSS. S4£# «««0| 2MJ| I 3 

fi7f Siq. 

SB . a7i ssxikidi ssb 4*1(8) a oii^ai 4x1 £b xisa #siqii s^khs 

q^ Sgt5fl£ 3Q. SteHHOIl sua gas %q LE0(4)£^q2i «im fc*BAtmo| £B»°£ *p| 3oH. 

s^i LE0(4)S¥q5j goi b&xikidoii S7i *i$jxi »»ai(ii)£¥ei w^mb wum 4 
2iQ. oi stewfe ^gsi Basifc as omn. oiDi ijys Ats» 4 aq. 

2|« 4X|(9)b Hfif *0|| ^g€||X|b on^A! 4X|i 0|gB 4 fflCh 

D(^(5)0l|fe *0*t7| 4Hg 0||=A| 4XJ so| ggjB oj g^ ^ ojq. D|gH(5)0l| OfgSIb 4 

Xlc 2£b §A|O0. OH^ ™£ *W LE0(4)2| &Q0I1 D^^(5)7f §;>|£|0l£ ^B<H|A| ^ &" Af 

0|7f &^o\J\ 8b £!b 4X171 tJIBqsiQ. 

ms^Ob LE0(4)s^q mm sib sue wwoi aao) 2021 baisnai #a*ai 

3] LEO g£2| ^»o S »ftA|7| ?|€fl. «B 4X1 §■ 0|«fiCJ. ^6|. LEO ^21 *Wl2l ^SjHSAi 

SE^. Df^e(5)0|| tmA|?j£ ^Q. S^xllClDl 0|§^ LEO SHb ^^1(11)1 0| ^ 

X| &b LED aH£f HIHmoi gJ2| iH^f ^&5JSS feO^aa. ^>yj LED(4)S^q ^gSEJb HJ^ 

¥3|«W 8f°HS, LED(4)S^q2| g^J LE0(4) 5^011 «S|6 -flWII (11)01 

S]SH ^AJ£|3. €93101)011 °1SH oj^is SJ°SA1 §^2S AHS^il %££{0\ goo) H22j "^goii 

mews B/iaa. leo ^H2i 2| ^s£i e^isj xjoa utetAis »aisq. ns. e!«a/a^ led(4)2j 

e^OIl ^I0| ?§5|££ ^^OjAjH, S^j LE0(4) e^2| D}|° ^0h7!j LEO 

S^! LE0(4)b 3 gJg 8(10)21 fiS0i|Al£ 3f2| «!0| D|SM( 5 ) a 

0. a*ii LED(4)s^q m*m sib sbs q^m(5) ^21 ea^ioixw sisii giAisia. se^ nfge 
(5) s?2| 8m(ii)ag 2jo« oi?is i^hs ah^i om aoi Dm^(5)oiis « 

SMODtt B8A|?|H. LEO gn fe 2*|JE^^ sq. 

SB. OfSE(5)o|j Ag ^2| ^| XHS# ®#HU 4X|# 0|§© 4 2iQ. H?I£E2| LEO MHM 

SA|i» Afgof0, 0^e(5)U LAY 4X|(8)O0b Oi|=Al 4X| ^2| 4X|^| 0|«£|H 2!£°£ LED(4) 

tr^ 4x1s s D^s(5)u 4X|(8)^^ ^om ^^sioi gmsicn sgoi 

XfSfgq. ^o|. *^ LED(4) B^2| D^E(5)2| *^ 0 | 3^11 X|^A|^iq. Df^e(5)b 9 

^ LE0(4)£^^2| sflon 21 » MI^SB Ofqef 1£ ft?£|Xie>. 0| WOU SIB 4XJ2J 

SSlb Df^e(5)0i| Ag g2| MS.^ QftMl* 4X|^ 0|g^o^ ^j^^ ^ oiq 0 |2| 
^(5)b As DilOI^E^ @^|(11)e O^e IfllOj^eoil g^Ol Dfl^lO) AJOil O^e £SA| 
?! S^j LE0(4)^ S»Al^o^jftj ^98^1 §^ AJ |j 4, oiq. 



0»S£(5)te Afl ^21 Q\mM 4X1 2J0]]. ^| XflSt VftMZl 4X|£>M ^£15 4X|1 0| _ 
£ 2iq. D^e(5) ^2| ^1 AiiSb 4X12121 ^^0\ gfSuU. il^ L£0(4)£^q2< ^yOIJ 2|SH g£| 

£|X| Sfb 3101 gfimq. £!6||. WZZMt £. ^¥D|q. ^Bi^f. ^q 

B. dSf^. ^sjo^. nos^q ig^ oi^e <id^5f0| 4X| oil ^Aigiq. ^i. 5. 5. 

.^Dlfe. = e^ A |?1 ?^X1H£ ES^^ PlUlofb 4 £! 

q. SB. ^¥aiU. ajb| ?k ^ej^, §s^g^ is 0| 99(01 aewtB ^XIAI^ 4 £iq. 

^1 xHSfe Mt^om ^# niBjoioi n gA»^ »gom ^3101 3§ # qaB B^ 

2S ^ 4 2iq. o^e(5)oj 4, xi ^2i XHS B«^6 ^g^oiq ej\ s qorsj^jj 5 g 

B 4 2iq. ayq. 4X1 sSjSJ ^| JHS BPil t>t& 4XI2| ^XJB. gjSt3 0 | Al8f£jH 

£ 5 % 0|a^o S «^ BO §^ % O|o[£ m«B. SEB 60 §U % 0|a/oS ¥E | 80 % 0!©^' 

tm aq aiTOTI 4X121 gstg ^xi^ 4 2iq. 

0|2[ ^0| 0(Se (5)011. LED(4)?f gJSB 34 SISfl gSJ£|?| Oj^^ Ao g2| ^[ '||S« tf^Al^j 
SS^I Dfge(5) 4X|2| m\ SIB gSIl 3*11* 4 ai^HS. gsfOJI 2|B ^ ^3fl ^01 

.£§2| XI ^xisroi gfSB S^^e 4 £iq. SB. g^lODe d*£M(5)0||5 BftAmss 
■ •H LEO gH£J qs? ^ 4 2iq- 



01 Oil 2|S}| 3?|£. §A|^2| AjgOIJ 2!0|iMH fi#2| X|SP( OH^ Sjs 319|£0| ^ 0 | ?|^B LEO 

4 2iq. SB. gS5E^0| gb Xijgg 0|g^o^ S^j LED(4)2| 
BS»>l?IIl. ^ ^^1 B 4£ 2«q. 

£2b £1011 £A|B LED ^H2| LE0(4)2| % SAIB4- S^! LED(4)b ¥9 ^l&HSAi. 0j| 

l gOj At H} 0| 01 ^IB(41)€ 0| A[m0|0| 713(41) a^OII. MOCVOa gOll 2|6H 941 -BE^ISSS 

A|. 0111 ^Oi B1Q|#(42). n§ e^!S#(43). n§ ^£«E#(44), MQWOnuIti -quantum well) #(45) . 
P§ 12fl£#(46) S p§ 3§«et(47)^ xfaiS §Aj 6 | 3( A.njiE|gg. 2^ g^g #01] 2|Sfl pg 
M#(47) a^o| xjxjjgoil 2^(50). ^£>g S^(50) ^^Olj p 2^(48) ^ n§ ^^^^(43) 
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£2| gjJfiOII n 3 = (49) § gg& 3J0IP. 

«HHt(42)8. 0111 §0) AINSS 0|^0) X| 2. ng SS|g#(43)s; o||§ #0| GaNSS 0|?0|gq. 

ng ta)E#(44)g. dig §0) AI,6a,„N(0 S y <1)o £ 0|90)X|2. pg 1S«E§(46)S OOff §0) 
AlxGanMO < x < D°g 0|^01X|3. pg =S!S#(47)e, dig gO| AI^JKO £ z < 1. z < x)£ 
S 0l¥0j5!Q. SEgf. pg tSJEt (46) 2| JBE gg ng lEflE*(44)2| «HE asq =™ sin „« 

MQW Sa#(45)S InGaNHS 0|^0)X|fe ^ggjlf. GaNSg. 0|^0|X|fe saoj tf||E|0)*££ 01^ 

5™% -Sf 1, ??S?t Jr 1 ^^ 919 n «ssio)#2i 100 a oisk Huswife eo vm 

70 AS a^. InGaNg Aj a0 | qg AIGaNjlf ^8 Al# SgSfe 9«fi i*E*l|0|| U|« |> C 3W 

7PI Of^fJSq. SB. MOW 34§(45)S InGaNOS 0 |?0iXJfe H?S| ?«« k AIGaNog O^OiXI^ 
=4»£| H«S|01#o S ?a8HE gQ. SESJ. AllnGaNos 0|=otx|fe S^2| AlTnGaNo^Si 



aa 331 em. 



£B. MOW g^^(45)aq AW0|O| ?I5.((41)*. 0||g g 0 | ng aHje#(43)2| U|D|m(42)@0|| &M*S 
gasHE m. SEB. yA|#s MOW gg#(45)0| 5J#E|CH 2!fe AWIOi 3|FK41)2| HESjN «fCfl«I 

sboj aaaiE gq. &*se ^g(45)o £¥ qo, gfg^f siis aa afe 5« 

UfifS!*U. OAS S0| AIS ggsHE £2. GaN3II2| S^o) q#Hfo S g^SllE gq «w4 41X13 

3£3 f t^f °^- £2 i sqaiii ^ 21a. o^M(5)oii2i ggj/tl aa^oi .TsaSi 

0m 1*01 ^3 §4 LED(4)21 ^ Ip§o| 50 nra 0(§K Uf^2|S^| 40 nra 01©^ WCl 

SEfi. 94 LE0(4)o, n, 3 ^ 380 n LflX! 500 BflS|. Ollfi f« 450 mOR SiQ Q * 

0[2t »0| LEO MHOi) 2i01^ 5| c 5e ygj(i t 2) ^0|01| fi!?WB. S4 L£D(4)7> 450 nn 

2|5fl opieioi S43f e4 anon 2ioi ll^q m^o| y ^^l»q. B »S«5^ Sia « 

S) 3 s wnyMs* §E,io11 aB ss sxisj ^ § ^f^' 

01 £3011 0g ggjg §fX|^. Cflll eCH flflyoj «ij ^oje ^XJ^ »g£13. DH^SJ 

OlS^o^^Ef BHgS %m ZM$\0{ Bl^S^ei ^§ HHySI SXfU ^0(1 1 Li BEejAEl 

tOI^h^ n t,^A|?lb 3iss. qg£| s±t ^aimoi — 

(70a)^ ^|2|^ S# S?|S»01 £^&(70)0|1 gl^ e.^b S^Af ^l!0|>:(71)2f £3 n K7 

0)oj ^g(70a)3| g!2j ^S(72)0I! ¥t^0\H D|A||& eg^l ^^SJOl Ol^OJXIb 

£gT(73)3f. £S€!(70)01| #^a(70a)e 33 ^£J01 Lfl^Ofi g^xll(n)# W^S^ ^ % 



SES. 2| §4 LE0(4)fe ^9 £|0|Oj gJ 6JH 22ilgJ ^^-g ?\Z\A S^og-Ej 

S^2J S^0| 5^£J£^ S^Af ?i|0|^(71)0l! ^S}Ej0i £iCf. §^ Sg/(73)g ^4 LED(4)S¥ 
3 ©Afg S!^ £^(70)2| LH^OJI/H 330IQ. 

0|£f ^0| 9^3 Sgjg SxlOlI 2!0|>d. 2t S4 LEO(4)0|| =F§ £j^0i Affile. =?E& ^ 
LE0(4)£^q glOJ gAISQ. 0| mM^E £^€h(70) ^1 £3 "jgog 2^o[i. ^Af2(72)01| §^ 
3 £^(73)011 gOJ "Uh 2>tfo>SA| #AtS(70a)og«E| H(74)f 1^01 0S2| #A^o 

£A| ^AfgQ. ^4 LED(4)2j #Af^8 ^E(74)# HH0U §2*1(11)011 S|«H # 

AI01I H}S HS5EJ01 mAFSq. 0|01| S|ofl ^#(74)2j S^2S¥Ej ^§46 3& g!# 

E! 40| £|Of. 0Q1 gO| SgSf ^EIS^EI Slj^OI @q. 

0|2f ^0|. ^13 ^JA| §£fl£| §S§ &X|0i| Iljsg. 3q LE0(4)S^q2j #^§1 £^e(70)o^ 

^AfA|?j2. 0| gJAJS IUS £^(70051 "^3(72)011 Sg?(73)os ^AJ ^A|?|0A| 

§A|9(70a)o S «Ei ilg(74)o S 0| 1M(74)(HI £«0iAl £IS| gJ^J 1^1(11)011 SJ«i 

SAI01I nj§ aSEIOj #A[£|£^ ^golflSES. ^0| 5*4- %4 -^42| 5^ 42J LE01 

0|§mX| BUS S4 LE0(4)E}SS ^S4€ fflJ4°S m 4^ 2iq. SE1K 99X1 (11)21* 94 LE0(4)^J 
2)9 S^Xl £101 £iOD S( g^|(H)o| ggjg gjiy oj^j^ 4 0(0] S?|aO|| ^^/rf 

S^sj igoj fjxii* ^ siq. 
0| won. g 9(74) oil &#£|fe 9»»(H)a «Jg£SA|. e«4^y om^ q^ 49/HW4£ ^ 

^ ^2^1. ^1(74)£| ^« ^2SS Z\H gOie ^AJOli. g^f q# 9S«f(11)l W 

^ofb §B(74)g m> B^m^m ^s. §#(74)# nm\h 2! d j°^ ^j^i as s^£i ^mAi 
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SE^. 84 LED (4) b £§e(70)01| OHHiJ o SJW £^(70)2f §^5|o^ *j^£j01 oi^m 0 , bugi 84 
LEO 4)1 jE*HLK70)2j 9^0011 S^SWU. 84 LE0(4)SJ %U\0\U\ iSj ^ROJ| 2Jo« £ 

SB(70)S| 9?0o § f^o^l, 84 LE0(4)2* <ES*K70)M S^o S ^ 3 

4 LED(4)b PH^£ SQ. 

£4b. S ^S2| Sx|2| J3]4 tin ^EHOll aff SMD(Surface Mounted Device)g2J LEO t«ns £AI 
SMDS2] LEO f«Hb 0]S|2j 3f^q. g fe ogj o}js A | 4XJ }|nf(80)£] g^s mjo^ 

5© S7I3°£ 20\M 833b 23H2I g(8| °1£» 19 bi|£j(81, 82)0|j sj^H DJl HSIigg «^5U ffl 

ftnSA?!; K) ^ ^--^^ S(83a)M £b £E£II2(83)M 3(83a)£ □ sgo| 84 

LED(4)2J fiMWfe M££ £|0| £>q. HHS Hlid(B1. B2)£ BlCHgog qg 

(82)£| £B£ Haigl (83) 0| 83£lb H^-oj ggoilWq gAj£lO| o.*,^ Q a a n||^ 

(81)8 5aigj(83)0j 833b S^2| b^^oj] 5Sef H#£|0| £jq. Bw 

84 LED(4)2J p 3=3) DflB «H>d(82)s £o S g g 9 £|0|0i(6)0(| 2|sH g^6[2. 84 LED^T^ n 3 
M& «Hij(81)s gog g £g 2^0101(7)01! 2|6H 

n2j|ol(83)5| Q(83a)01 *£j£lb ^ Uib 2^ ?QI| ^g6flX|b Hg»|(8B)# il^i(B8)0U 
SjSfl 84 LED(4)b 383^. BI«l(8B)fer *2|Bo £ ggsjg &&2 , ^ g^J 

4^ 5f£ Ste u. S ^L £ F °^ SSfMJ8« ^^£S 834(11)7^ ESJSP. gg«l(88)b 011 
SEb ^ejg 4X|0|Q. 

S8*ll (11)?J ggJS §J gfll (88) b 5Eiia(83)2| ^(83a)0| 8gElb Stf U| ^EqI #S£|0l£ S3 ££ 

© Mei|oj(83)si ^¥ saibi£¥E4 maia #S.£|0t 2i01£ ffCK 

LE0(4)S¥E1H1 %\m U&Mim tfg»9£S 8PI ^««. LED(4)S¥ei2| b| 0 | 89x11(11)011 S7| # 

?«2| ese aj§^ 4 sip. 

012} 1*0| SMD*2| LEO BHOII 2i0jAi. HIS «Hti(81. 82) A^OlOll SSI 84 L£0(4)7f 

450 npS| HfSSj S^2j hjs 9^391(88) 8^(11)^ 0|?ia 89 

xllODb 560 UiXl 570 nm21 »^2| u[g ^S©q. gj9Xn(8B) ^^2j g^o, «, 0 | ^ 
g £J¥£ ¥#£l^ie». a ^t^g £j^2| feoilb eij^HS fi0| LEO *$B± y 

9«U 2ife 31^1^ M2!q. ^. 8^x11(11)^ %W LED(4)^ gf^Sfe ^^21 st|Q|| ojgjj ol^jSJOi S^Jj 
J sq ^oa Scf 1 ^* ^SS^- S ^9 oil Alb. ^42| SS^li 5tftf£S 

5E5b £ ^92J S«2| «|5 £A| SEI011 ^ LED £A|s>q. s. ^JAJ gEflfe LE0(4)g 

^fl^S ogg ^^ VE| S ^ ^ B £1 Oil £S 4i^(91)e G 

5E501I 5EAIB «W 90| f j^S^ 2feXK91)b 84 LE0(4)2| S8fi S£2| 37|S QSfElOj £U\ *J 

4 LED(4)2f 0f^e(5) AF0I011 BHXl^a. ^ ^JA| » ElJOfJ £lOf>Mb S^2f ^21 ^#SFb 0|#£^ 
q 84 LE0(4)b 1^ £J(flip chip) ^S^q. ^ODb 84 LE0(4) Si £|H °a|ot 
(1)3} S^SPi S^(32 t 93) # ?b|o}2 2iQ. 2^(92)^ £200 £Alt[ P S^(48)0ll CHtfS}b ?l 
xlOll ^xlElOl SiC*. 2^(93)8 n 2^(49)011 Cfl^Sfb «|X|llO *iX|£l3. SEE* £9 2f0|0i(6m 
fil gOlSPi) Sp| 9|8| a MS AJ^(91)2| ^02£ 8^£j0| 2iq. 3*3gJ a 

5 4iX}(91) £1^(92. 93) s Au S5(94a. 94b) 1 ^4 LE0(4)2| p £R(48). a 

(49)oii S^@q. 01 as ^xK9i)0iib 7?8 SB 01^21 seioi £!7}£ig #e«7i sib »l 

Lj q0|S = (zener diode). S£g S^s B^b SSiAl g# 0|§^ ojq 

£6^ MS 4i^(91)0l| Xi|Li Q0I2EM 0|§^ g^o| sjgs £A|^Q. MS 

(91)£A|2j X1IM q0|£C(g 5 )i= LED(4)0J| S7|2|BS 8^ S^EU. 84 LE0(4>2| OHinH(anode) 
2| Xflq qo|£E(95)2| ?H4iH(cathDde)^ Q^2J31. 84 LE0(4)2l ?H4:H2| »iq q*0l£E(95)2| OH^ 

s^soi 2iQ. eiH Haia(D2i sjE Haig(2) ajoioii acne seroi g|?|S 3^. 3 aeroi JQ| 

LI q0lSH(95)2| SIM 23[6}S 84 LE0(4)2| ^14 ^XfSJ 0J 0| 

0|£0| £lb g8 CUB^AI. 84 LE0(4)0|| 2}dim g^0| oj^g^ ^ bjx| ^ 4 o^^, y 

Cfl S^°S¥Ej 84 LE0(4)1 MSofO] ^ H}3lM ^b gS}fi| ^1 ^X|^ 4 2iQ. 

£7a ansa ms ^odoii s^ai^ oiee 2^21 sis^ eai^q. 213^ ms ^xkbdsai 

2| ^ai/i(96)b S3 £J8H ^1 ¥§(chip type conponei)t)M 0|g|t ^ 2iQ- 0|2f ?521 ^91/1 
(96)b 2? ^0|j mg2| 3^0! 213. 01 £j^0| 84 LE0(4)2J OHkE SI 3H4iE0|| Q^g 

q. B1E H£ilS(l)3} £(H "BflgJ(2) A}0|0« 3}qgh 32*01 £P}3 S^. 0| M S&0j| 21«tl ^3 2 
.^f £91*1(96)011 SO. £SIA1(S6)21 0X121 S^l LHBf 84 LED(4)0Q qg} £Pl ^^0| 

£2X1 SPI ffflgOO. 84 LED(4)g »S0o £ «q MS^ 4 2/q. £Et». 3?Hf S^of 

b ic0|2^ o|?}S &S|Aj(96)7^ U10lBH±(bypass) 5B!A15Ai Plb^H^, 21Efl t0|5El 

.^^Is! U0|. 84 LED (4) b £1011 TO ^/ILi H SiQ. □ 01f?b 

MS ^XK91)M ^X|612?| OflgOlI. MS iXK91)2f 84 LE0(4)2| gf ^011 S?r^oi Q 

^01 gflSflSq. ^1. 84 LED(4)2f MS ±XK91)2| ^9 2^0|OlOl| 2|Sfl Q^f[ 30 
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S g0|0j(6. 7)1 §4!! LE0(4)0I| S*M«X| Sf£«l Sf2 SEt». LE0(4)» gd | 2°£ f f 

|| |2 4q n £R(49)1 ™ 8WU - * s n a3<«)«i i»* £s«ra«Woie si 

0|& SSef U|2» aPI £52) =?£JO!| tgeg, £10|| £A|g ?g0|| 2|f» ifgo SA) o| ?|Mgoj ajuoflQ 
2™5S tt J!?^Si 9 ^*. 3011 218,1 8831 §0 » £WS0|£ 94 LED(4)1 M 

3( 7ffc 8J0| a°5g. £12) ?S2) 3^2f q§f gglgf g0| ¥|S|0||A| ggg St 4= S!Q 



9Et». £5 gJ £6011 $0\M 4iIK91)0Il Hf£S| ±XH 0|g& 3^. J||L| 0012^(95) a-M 

I'l 25S?;Jlfi! t fJF 0.7 v x 7114021 as aasroo q& an ssoi g 

£^ ^his tioi2=2j /fg 3a=f>§ asecf. 

SEEK JlfSgf MS ±*K91)0l|fe 7JS *)& invariable re B lstor)g 0|g£ 4£ oJCr. 01 JM 3HS 

*St SStP^liS'^" 4Sef8, ° 1 * aWW **** " a g m aoi£=(95)g bj&7W£ 5 

0| £BW| £A|& *J-*fi= ^1 ^£¥3 §yg ^ «|^s[oj g]2Sg£| .4>*i SJs«| 

fil^Ol! ^Sfb 3iOU. S^ff £10fl £A|^ E|E Eeilg|(1. 2)2f. D||^^gl(3)2}. 4^ LE0(4)fif 
£(5)2h 210101(6. 7)2L H^Xj g^fe U¥ 4X|(8)2f. 4**|(9)2f. ^(10)S 

^i«i(i00)^ ?d|»jo| ^€!5E|0| £»q. 3 

g& ^Hf(100)b. 0111 #Oj 4X| 31 XH ^011 *W LE0(4)2] ^011 SjSfj Of^NOl ggHI 
&«SE|0| g«£|0) 2iC|. 4X! OJjl ^01 12j0lJ^Ei|2 ^XJ . 013^ 4X1 ?2j 

&. USIE. ^eis 4X|. ssiBiy, Mei^q^. Biioi^eioie, CR39(of3i -^famoiE' 4xj 
(IS sSofsSSSS: ^ b °° ^hkioo)o« oi- §£2| e^^t ^oie^ 21^ 4x1 

£E^. Slfr ^Bj(IOO)^ £J^ 4X|(9)£| 2|Q0|| ^o\^ ^ ^| g^sj ^ tf? g^o. 

*i*noo)^ ami (id* a#e^ 4x121 «aoi 2is« ^a s^ss tia^ 21 y IxkIm 

£^ Wl ?J$H. g ^1(1 1)1 SUS^ 4X1 SIS^ 21^ 4 XJ (9)0j| ajg gst/i^ g£ 

(100)^ §^5H£ gq. 

0|2f ^0| £9 §X|0i| 2iOiA|. Sdl LED(4)S^Ei2| $At3S U¥ 4X|(8) SU 2|^ 4X| 

(9)^ Ti^A! a© ^I«I(100)S gJA^q. 01 gJ^pJ aa^l ODoii 2|SH g4£|3. ^ajoii hjs 

a^SJOl 2|Y£ #A^Sq. 0101! 2|6fl «^ ?i«i(100)21 2ieio^«Ej gJ&^I^ ^so, m 

«e» ^01 ei 2. mm ^ot ^y^«q «q^oi gq. 



012^ aoi. XII6 ^A| «E«2| uf£zJI ^ SXjOl! ajeffl. LE0(4)2| 4X1 ^g^ei Lfl^ 4X|(8) SJ 
.21^ 4X|(9)oil gs^l(ll)! mmxi 8^3. 21^ 4X1(9)21 213^ nj^Sr ?| Ul( 100) oil 
(11)1 tf^AiSHHS. U1Y 4X1(8) at 2| ^ 4XJ(9)0Mfe aVJUODOl 2|B S^&OI ^P|Xj SJfeQ- 
§3 ^Bj(100)^ gfs |E|§ 0[^| UI^CHJ. g^XJI (11)0(1 21EI- U|2» ^q. 0|£ 

fi!«H. 2|¥ 4Xl(9)2j 81^^21 oj2| 8 £A| ge«0IIA|^ tf?a)0£ BSS« SJSHr & 

XJ^## 4 £U. ^^oij 4ysib H£2i xmf si^o^ ejxai^ 4 £tq. 

0| 9|U|(100)S| BilO|Aoii gf#£lb g=tfl|(11)2| H1S2SK. WSECOWa QE ^ 

21 gS^SS ^f^Sq. tS ?iHK100)2j ^ «0|of S ^ s A |oi], § b;| 

qE g««l(il)e H^mb §S ^101 (ioo) M ^4 E¥i Suj otj ^s. ^1BK100)M 33^S 
S goiopij #4S2l 4«=e^ ?FSA1^ 4 2Jq. 

sa. ©s^Kii)^ aa-?iH|(ioo)oii it^ai^i^ 3 21011. «g ?iui(ioo)2i s^on ..esshs »^ai^ 

^ 4 £jq. 'SEB. AISSIJ1 £i£ MJ£E«| ^ 4^011 ^Hj(100)g g«ffh 4 

01 #21 ^01. ^ ^soil 21m 4iX[2i g^Afii ^ #xi^ led q^^efloi. E|0|E sxi. 
■dS?l. s^^i ±3*1. zts fl!A|. 2ie oiq^iloiEioii 3tmq. 

(57) Sf^Sf 

a^a 1 
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